Treated wastewater represents a significant potential source of reclaimed water for some beneficial reuses. However, public concern over the risks/health-related hazards of wastewater reuse has limited the general acceptability of reuse systems in many countries. It is important to manage the operation of recycled water systems in such a way that it will not adversely affect public health and the environment. Management of recycled water involves process control and compliance monitoring. This paper presents proposed unit process monitoring guidelines to classify the performances of treatment units according to the pollutant removal efficiencies and frequency of sampling to test for effluent quality suitable for reuse. The paper also highlights the procedure for proper inspection of treatment facilities to ensure optimum performances. It proposes minimum quality requirements for different reuse activities in South Africa such as domestic (toilet flushing, watering private gardens), irrigation (crops, landscape, public parks and golf courses, cemeteries), industrial (system cooling and process water) and other activities (construction works, street cleaning, fire protection, groundwater recharge). By employing the wastewater treatment monitoring and sampling procedures proposed in this paper, health-related hazards can be minimized while public confidence in reuse schemes will be enhanced.
INTRODUCTION
Water demand already exceeds supply in many parts of the world, and many more areas are expected to experience this imbalance in the near future. In order to meet an ever-increasing demand for freshwater, past efforts have centred on the development of additional water resources schemes, i.e. water supply interventions such as the exploitation of distant surface water and deeper groundwater sources, construction of new dams and desalination (Friedler & Hadari ) . However, implementation of these measures usually requires significant capital investment (planning, construction, operation, maintenance and replacement) and is frequently accompanied by negative long-term environmental effects, such as the depletion of renewable water resources, deterioration of water quality, seawater intrusion and alteration of ecosys- In South Africa, there are no clear guidelines specifically targeted at the use of wastewater. However, the existing regulation that partially addresses the use of wastewater was produced by the Department of National Health and Population Development (DNHPD ). This guideline is outdated and needs to be revisited in light of the current local and international experience (Ilemobade et al. ) . This paper presents proposed unit process monitoring guidelines to classify the performances of treatment units according to the pollutant removal efficiencies (i.e. minimum, average and maximum) and frequency of sampling to test for effluent quality suitable for reuse. The paper also presents a procedure for proper inspection of treatment facilities to ensure optimum performances.
OVERVIEW OF WASTEWATER TREATMENT PERFORMANCE IN SOUTH AFRICA
The quality of discharges from wastewater treatment plants in South Africa has become a matter of national importance and priority. The National Water Services Regulation Strategy (DWAF ) provides a clear statement of strategic intent to regulate the water and wastewater services sector in South Africa. The driving force of this strategy is the mitigation of risk associated with the management of water and wastewater facilities and the development of more comprehensive and effective regulation for the country. The three main programmes identified to mitigate risks are (DWAF ):
• concentrated regulatory efforts to address compliance and performance problems in priority municipalities, particularly where risks pose threats to health and the environment;
• a national drinking water quality regulatory initiative to manage potentially serious risks associated with unsafe drinking water; and
• a national wastewater discharge regulation initiative to manage potentially serious risks to health and the environment.
In line with international good practice, the Department • an approach that is based on a risk profile of all wastewater treatment plants and that targets the plants that have the greatest impacts on the receiving environment;
• an incentive-based approach that recognizes excellence in the wastewater industry and that encourages service 
SUGGESTED OPERATIONAL GUIDELINES FOR WASTEWATER REUSE
Different hazards could occur due to WWTWs failures.
From the public health and environmental standpoint, it is reasonable that a high standard of reliability should be required for a system producing reclaimed water for uses where direct or indirect human contact is likely. Therefore, water reuse requires strict conformity to all applicable water quality standards.
Several elements are combined together to make up a reclaimed water system's treatment and distribution. These include the power supply, individual treatment units, the maintenance programme and the operating personnel.
Backup systems are important in maintaining reliability in the event of failure of vital components. Critical units within this system include the disinfection system, power supply and various treatment unit processes (USEPA ).
For reclaimed water production, EPA Class I reliability is recommended as a minimum criterion. EPA Class I reliability requires redundant facilities to prevent treatment abnormality during power and equipment failures, flooding, peak loads and maintenance shutdowns. Reliability for water reuse should also consider the following (USEPA ):
• operator certification to ensure that qualified personnel operate the water reclamation and reclaimed water distribution systems;
• instrumentation and control systems for on-line monitoring of treatment process performance and alarms for process malfunctions;
• a comprehensive quality assurance programme to ensure accurate sampling and laboratory analysis protocol;
• adequate emergency storage to retain reclaimed water of unacceptable quality for re-treatment or alternative disposal and supplemental storage to ensure that the supply can match user demands;
• a strict industrial pre-treatment programme and strong enforcement to prevent the illicit disposal of hazardous or other similar material that may interfere with the treatment and intended use of the reclaimed water.
Based on the above points and additional references, suggested guidelines for the operation of non-potable reuse are presented below.
Operator training and competence
No matter how sophisticated the automation of a plant is, mechanical equipment is subject to breakdown. Hence, qualified and well-trained operators are necessary to ensure the production of reclaimed water of the required quality. Plant operators are considered to be the most critical technical personnel in the wastewater treatment and reuse systems.
The knowledge, skills and abilities that an operator must possess vary considerably depending on the complexity of the plant. In general, an operator must be familiar with the following:
• the function of each unit in the plant;
• how each unit accomplishes its function;
• how to evaluate the operation of each function; and • how each unit fits into the overall plant process. Consideration should be given to provide special training and certification for reclaimed water operations staff.
Instrumentation and control
According to USEPA (), major considerations in developing an instrumentation/control system for a reclamation facility include:
• ability to analyse appropriate quality parameters;
• ability to maintain, calibrate and verify accuracy of online instruments;
• monitoring and control of treatment process performance;
• monitoring and control of reclaimed water distribution.
In a water reuse system, the potential uses of the The recommended volume of sample to be taken, frequency and test to be carried out at each sample point are shown in Table 1 . As stated earlier, tests conducted on the sample at each sampling point can be used to assess the performance of each unit process. As a guide to judge the performance of each unit process, Table 2 shows the percentage pollutant removal (minimum, average or maximum) of each unit process classified as preliminary, primary, secondary, tertiary and disinfection.
The general requirements of any reuse permit should ideally specify minimum sampling and testing that must be performed on the plant discharge. The permit should also specify the frequency of sampling, sample type and length of time for composite samples. Unless a specific method is required by the permit, all sample preservation and analysis must be in compliance.
EMERGENCY/SUPPLEMENTAL STORAGE FACILITIES
Wastewater is continuously generated through residential and industrial activities. Hence, treatment plants also treat wastewater continuously unless there is a breakdown. In case of a breakdown of major component(s) of a treatment plant, there is need to provide emergency storage to retain reclaimed water of unacceptable quality for re-treatment in order to safeguard public health and the environment. Usually, piping within a treatment plant is done in such a way that an emergency diversion is provided to convey reclaimed water of unacceptable quality to a temporary storage. At a later time, the diverted wastewaters are pumped back to the treatment plant for retreatment.
Also, reclaimed water that cannot be used immediately may be stored or disposed of. Supplemental storage is provided to ensure that the reclaimed water supply can match users' seasonal demands. Reclaimed water must be treated and preserved to maintain its quality during storage. Storing reclaimed water can result in a change in quality, particularly microbiological quality.
Therefore, if reclaimed water is stored, the quality should be tested regularly and any hazards managed accordingly. The frequency of testing and need for subsequent treatment will have to be decided on the basis of the level of risk at each site. Reclaimed water to be stored should have adequate chlorine residual and the circulation process to minimize stagnation and to maximize the distribution of the disinfection process. Bar screen Equalization basin Biological removal
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WWTW configuration
Flow diagram -this is necessary in order to understand how the WWTW has been structured and should be operated. It must be drawn and make available on site.
• A flow diagram for the WWTW.
Design capacity -this enables plans to be made for future development. It answers question of how much wastewater can still be accommodated.
• Confirm the design capacity.
Screen
Manual/automatic screens -these are used to remove debris from raw wastewater.
• Screens that are free of debris • Hand rake and wheelbarrow that are easily accessible and in working condition • Unusual sounds or vibrations • Maintenance schedule • Screening that are washed and return to WWTW.
Grit removal
Manual/automatic operated grit removal -grit material can include sand, silt, glass, small stones as well as other largesized organic and inorganic substances. It is essential to protect moving mechanical equipment and pumps from abrasion.
• Channels that are clean of grit • Channels that are in working order, e.g. one that can be used while the other is closed for grit removal • A spade and container that are easily accessible. Automated degritters -a pump is required to remove a slurry of grit.
• A pump in working order.
Screenings and grit disposal -if left lying around these will cause nuisance conditions such as odours and will encourage fly breeding.
• Non-nuisance conditions (odours and flies)
• Grit or screenings lying around • Covered bins that are used for storage of grit • Proof that grit and screenings buried on site are covered daily.
Flow
Flow metering -a WWTW is designed to treat a specific volume of wastewater per day. It is important to know how much wastewater is entering so as not to overload the plant.
• Flow measurement • Knowledge of flow in relation to design capacity • The flow mechanism and determine whether it is in working order and is calibrated. Flow balancing -this is used to overcome the operational problems caused by flow rate variations and to improve the performance of the downstream unit processes; also called flow equalization.
• Mixers -are they working?
• Aerators -are they working if in place?
• Pumps -are they working?
• Odours -are odours controlled?
Primary sedimentation
Primary sedimentation tank (PST) -the main purpose of primary sedimentation is to allow separation of the solid and liquid phase fractions in the wastewater.
• Inflow that should be light grey in colour • Overflow at the weirs that is similar where more than one PST is present • Weirs in good condition • Scum or floating sludge layer • Layer of fats/grease/oil • A schedule for desludging and check that it is implemented • Records of process sampling.
Pond systems 0xidation ponds -pond systems are relatively shallow bodies of wastewater in which the self-purification of processes of water are used under controlled conditions to purify raw or settled wastewater.
• Ponds operated in series • The presence of short-circuiting (water is flowing through a course; this means the detention time is inadequate) • Aerators -are they working if present?
• Evidence of desludging -is it done periodically to a schedule and is sludge correctly disposed of? • Area around the ponds -is it well maintained? • Visible erosion around the ponds.
(continued) Trickling filter (TF) Trickling filters -these utilize microorganisms that grow on a medium (e.g. stones) to remove organic matter found in wastewater.
• Access to the top of the filter • Movement of the rotating distributor arm -is it smooth? • Distribution of wastewater to the filter media through the rotating distributor arm -is it even? • Filter media -is it free of ponding?
• Underdrains -are they clear of any obstructions?
Rotating biological contactors
Rotating biological contactors -these utilize microorganisms that grow on the disc system to remove organic matter found in wastewater.
• The motor -is it working?
• The disc system -does it rotate freely at a steady rate? • The sludge return pump -is it working?
• The ammeter -does it fluctuate as the disc turns? • Is there floating sludge in the final settling tank?
Activated sludge (ASP)
Activated sludge -this is a biological process of developing an activated mass of microorganisms capable of stabilizing waste aerobically. Visual observation of the ASP is very important. The colour, smell and appearance of the biomass give a good indication of whether the ASP is working well.
• Records of the sludge age • Recycling -is it taking place and is a record of the correct ratio of inflow to sludge recycle maintained?
Secondary sedimentation
Secondary sedimentation -this is used after the TF and ASP. Sludge from TF and ASP is in suspension and must be settled out in the clarifier to produce two streams, i.e. the sludge and the clear effluent.
• Trends of the sludge volume index test • Clean effluent weirs/channel clean launders • Operational desludging equipment • Limited scum on the surface of the clarifier • An operational scum draw-off system • Clear overflow.
Constructed wetlands
Constructed wetlands -artificial or constructed wetlands consist of a bed of granular material through which the effluent can flow without too much hydraulic resistance.
• Reeds are planted • Reed growth is controlled using a schedule • Selective seeding and planting is undertaken periodically • Samples are taken according to relevant authorization • Herbicidal and insecticidal treatment is practised.
Maturation ponds
Maturation ponds -these give a final 'polish' to effluents. They are used to improve the bacteriological quality of the final effluent and can also act as a buffer in the event of a breakdown at the works.
• Overflow is clear • No erosion is observed • The banks of the ponds are protected against erosion.
(continued)
INSPECTION AND APPROVAL OF RECYCLED WATER FACILITIES
The DWAE has the responsibility for issuing permits to 
Inspection of recycled water service provider's facility
In order to undertake an inspection of a recycled water service provider's facility, it is imperative that the inspector must understand the complex nature of various unit processes involved in the treatment of wastewater. The inspector must be trained in flow measurement, sampling, laboratory testing and record keeping. A summary of an inspection procedure for WWTWs producing recycled water is shown in Table 3 .
The primary purpose of regulatory inspections is to verify compliance with the DWAE standards. During inspection, water samples must be taken at sampling points 1, 5, 6 and 7 (see Figure 1 ) for laboratory analysis to determine the operation efficiency by monitoring unit processes listed in Table 2 . These points give a good representative of influent wastewater, secondary treatment, tertiary treatment and final effluent (after disinfection).
Beyond the final treatment effluent is the management of sludge produced. In most cases, the aerobic digestion method is used in treating the sludge produced from wastewater. The purpose of anaerobic sludge digestion is to stabilize bulky, odourous raw sludge to relatively inert materials that can be readily dewatered without obnoxious odours. Overall performance of a sludge digester is determined by volatile solid reduction, gas production and composition. Operational controls include temperature of 
Membrane filtrations
Membrane filtration -these are used to remove dissolved organic and inorganic compounds from secondary effluent.
• Permeate flows uniformly through the membrane • Records of membrane cleaning • Pumps are working perfectly • Methods of concentrate management and disposal.
Chemical disinfection
Chemical disinfection -the goal of disinfection is to remove pathogenic microorganisms the digesting sludge, mixing in high rate digesters, rate of raw sludge feed, and solid retention time. Careful consideration is given to all unit operations that discharge flow back to the head of the plant.
Wastewater reuse quality for different non-potable uses Table 4 shows the authors' suggested guidelines for reclaimed water quality for various types of water reuse in South Africa based on the best international practice.
In addition to the recommendations in Table 4 , the recommended guidelines for the maximum concentration of trace elements in soils under natural conditions are presented in Table 5 . It suggested that for monitoring purposes, the soil and vegetation is sampled and analysed. The only satisfactory safeguard is the sampling and analysis of soil and vegetation before irrigation 
• Nutrient, toxicant and salinity -regularly Irrigation uses (agricultural, crops, landscape, parks, golf courses, cemeteries, green belt land)
• Nutrient, toxicant and salinity -regularly Industrial uses (system cooling, boiler feed and process water) 
CONCLUSION
Conventional water resources have been seriously depleted due to increasing water demand in various sectors. As a result, wastewater reclamation and reuse is increasingly being integrated in the planning and development of sustainable water resources. For any reuse project to be successful and well embraced by all users, it must operate within a regulated framework. This paper provides suggested guidelines for the operation, inspection and regulation of reuse water facilities in South Africa. This will minimize potential human risks and environmental pollution.
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